acid is a so-called third generation cephalosporin bearing an aminothiazole-oxime moiety at the C-7 position of the cephem nucleus. CZXshows a broad spectrum of activity against Gram-positive and Gram-negative bacteria and is resistant to bacterial /Mactamase1}. However, it has been clinically administered only by injection because of its low gastrointestinal absorption due to its low lipophilicity.
To improve the oral absorption of /Mactam antibiotics which are used parenterally, there have been manyattempts to increase å their lipophilicity by esterification of the carboxyl group at the C-4 position. Indeed, as previously reported for ampicillin esters2~5), pivmecillinam6) and cefotiam hexetil7), /Mactam antibiotics containing a basic ammo group could be esterified to increase lipophilicity without loss of water-solubility, resulting in high bioavailability. In contrast, esterification of /Mactamantibiotics with a neutral or weakly basic side chain such as CZXresults in an increase of lipophilicity accompanied by reduction of water-solubility, which is also an important factor for gastrointestinal absorption8).
To resolve this problem, we previously synthesized a so-called bifunctional prodrug ofcephalosporin, in which both hydrophilic and pp. 491 -500 prodrug ofcephalosporin, in which both hydrophilic and lipophilic moieties were introduced to increase oral absorption9~x l).
In the present study, we synthesized and evaluated a novel series of bifunctional prodrugs by introduction of an L-alanyl moiety into various CZXesters. Among these prodrugs, pivaloyloxymethyl 7/J-[(Z)-2-(2-(S)-alanylaminothiazol-4-yl)-2-methoxyiminoacetamido]-3-cephem-4-carboxylate hydrochloride (ceftizoxime alapivoxil, AS-924, Fig. 1 ) was shown to be a promising oral anti-infectious drug. The general synthetic route of the bifunctional prodrug compounds 4a~4g is shown in Scheme 1. The free acid compound of CZX (1) was treated with iodomethyl pivalate in A^iV-dimethylacetamide (DMAc) in the presence of dicyclohexylamine to afford the ester compound 2a12). The other ester prodrugs 2b~2g were MAY 1999 prepared by esterification of CZXwith the corresponding halides under the same reaction conditions. The ester compound 2a was treated with A/-ter/-butoxy-carbonyl- Table  2 . The urinary recoveries after oral administration of the prodrugs were higher than that of CZX(4.0~8.9% vs.
2.8%). The prodrug with pivaloyloxymethyl (POM) ester
(AS-924) and 1-isobutyryloxyethyl ester (4e) showed good intestinal absorption. The taste of AS-924 was Table 2 . Urinary recovery and taste of CZXprodrugs. administered orally to male mice, rats, rabbits and dogs at a dose of 20mg/kg equivalent to CZXand CFTM, respectively. The pharmacokinetic parameters of AS-924 and CFTM-PI are summarized in Table 3 . After oral administration of AS-924, the values ofAUC, Cmaxand UR were higher and Tmax and T1/2 longer in rabbits and dogs than those in mice and rats. The values of AUC, Cmax and UR for CFTM-PI were higher in rodents than those in rabbits and dogs. The values of AUC, Cmaxand UR of AS-924 were higher than those of CFTM-PI in dogs.
Therapeutic Efficacy in Mice
The therapeutic efficacy of AS-924 against systemic infection with Gram-positive and Gram-negative bacte- MAY 1999 ria was examined in comparison with those of CFTM-PI, CFIX and CFDN. The ED50 were shown in Table 4 antibiotics exist in an ionic form unfavorable for passive In general, /Mactam antibiotics are not absorbed from absorption. Therefore, it is possible to improve orally the gastrointestinal tract by passive transport because of absorption of some /Mactam antibiotics containing a low pKa value of the carboxyl group, due to which the basic amino group by esterification of the carboxylic acid2~7). However, in the case ofcephalosporins bearing a neutral or weakly basic group at the C-7 position, esterification results in low water-solubility insufficient for dissolution into the gastrointestinal fluid. Since CZX has a weakly basic amino-thiazole moiety on its side chain at the C-7 position (pKa 2.95), its esters may be hardly soluble in water. To resolve this problem, we previously synthesized a so-called bifunctional prodrug, in which a hydrophilic moiety in addition to a lipophilic moiety are introduced to improve water-solubility. In the case of cefcanel daloxate, the hydroxyl group on the side chain at C-7 position was esterified with L-alanine, resulting in marked improvement of oral absorption due to an increase in water-solubility8?9).
In the present study, we introduced an L-alanyl group as a basic moiety into the amino group on the thiazole ring of CZXto improve water-solubility.
Indeed, the was chosen for further evaluation. AS-924 showed high plasma levels of CZXafter oral administration in dogs and rabbits. The pharmacokinetic parameters were better than those of CFTM-PIin dogs but not in rodents. In the systemic infection model of mice with six strains of bacteria, AS-924 showed more potent therapeutic efficacy than CFIX and CFDN.
In conclusion, AS-924, a bifunctional prodrug of CZX was successfully synthesized by introduction of L-alanine into the side chain at the C-7 position of POMester of CZX(mono functional prodrug). This prodrug showed a good pharmacokinetic profile and potent anti-infectious activity. Haemophilus influenzae. All the strains except Streptococci and H. influenzae were grown overnight in MuellerHinton broth (Difco). Streptococci and H. influenzae were grown overnight in Mueller-Hinton broth with 10% horse serum and with 5%Fildes enrichment, respectively. Overnight cultures were diluted to 106CFU/ml with saline, and aliquots of 5/^1 of the cell suspension were inoculated with a Microplanter (Sakuma Seisakusho, Tokyo, Japan) onto agar plates containing serial 2-fold dilutions of each antibiotic. The MICwas determined as the lowest concentration that inhibited visible growth after 18 hours of incubation at 37°C.
Oral Absorption Studies
Male ddY mice (weighing 21 to 25g), male SD rats (182 to 243g), male Wistar rats (190 to 230g), male rabbits (2.0 to 2.5kg) and male beagle dogs (10.8 to 13.4kg) were used. The animals were fasted overnight before dosing but were given free access to water. AS-924 and CFTM-PI were dissolved and suspended in 0.5% methyl cellulose solution, for oral dosing at 20mg/kg, respectively. Blood was collected from the jugular vein of mice, rats and dogs, and the auricular vein of rabbits at specified times after dosing, and serum was obtained after centrifugation at 3000rpm for 10 minutes. Urine samples were collected from 0 to 6 and 6 to 24 hours (mice and rats) or0 to 3, 3 to 6 and 6 to 24 hours (rabbits and dogs) using a metabolic cage or a ureteral catheter. (MULTI)to obtain the pharmacokinetic parameters.
Therapeutic Efficacy in Mice
The in vivo efficacy of the antibiotics was assessed in mice experimentally infected with six strains of Grampositive or Gram-negative bacteria. All bacteria used except S. pneumoniae type III were cultured for 18 hours at 37°C in nutrient broth (Nissui, Tokyo, Japan) and suspended in 8% gastric mucin (nacalai tesque, Kyoto, Japan). S. pneumoniae type III was cultured in heart infusion broth (Nissui) supplemented with 10% horse serum for 18 hours at 37°C. Male ddY mice weighing 20 to 24 g were infected intraperitoneally with 0.25ml of bacterial suspension. Antibiotics were 497 administered orally at 2 hours after infection to groups of 8 mice for each dose, and survival ratios were determined 7 days after infection. The 50% effective dose (ED50) were estimated using the Litchfield-Wilcoxon method.
Evaluation of Taste
Relative sweetness of prodrugs was evaluated by matching a solution of known concentration of each prodrug with a sucrose solution of equivalent sweetness13). Bitterness of the prodrug solution was also estimated as follows; -: none, + : slight, + + : moderate.
To a suspension of the free acid of CZX(1) (9.14g) in A^Af-dimethylacetamide (45 ml) were added dicyclohexylamine (5.22ml) and iodomethyl pivalate (7.5 g) at -5°C. After stirring for 1 hour at the same temperature, The ester compounds 2b-2g were prepared by a procedure similar to that described above. IR and NMR MAY 1999 spectral data and chemical yields are listed in Table 5 .
To a solution of 2a (9.6g) and N-(tert-bxxtoxycarbonyl)-L-alanine (7.8 g) in dichloromethane (100 ml)
were added EDCHC1 (7.9 g) and 4-dimethylaminopyridine (0.23 g) at room temperature. After stirring for 2 hours, the reaction mixture was washed with 10%aq citric acid, 5% aq NaHCO3and brine. similar to that described above. IR and NMRspectral data and chemical yields are listed in Table 7 .
Another synthetic route of AS-924was also established as follows. To a solution of6 (465 mg) and triethylamine (0.20 ml) in Af,Af-dimethylacetamide (2.3 ml) was added 7 (477mg) at -15°C. After stirring for 30 minutes at the same temperature, 2-propanol (ll.5ml) was added and the resulting crystalline precipitate was collected by filtration to give AS-924 (425mg) in 53% yield.
